Background
diopathic steroid resistant nephrotic syndrome (ISRNS) of children can be defined as; a child with nephrotic syndrome who fails to show a complete remission of symptoms after using the full prescribed steroid treatment. The usual steroid protocol used in these cases comprises of prednisone 60 mg/m 2 /day for four weeks, followed by 40 mg/m 2 /48 hours for another four weeks (1) .
The steroid resistance can be grouped into primary resistance in which there is failure of complete remission after treatment during the first time of nephrotic syndrome presentation, while in the secondary resistance the child initially responds well to steroid regimen for a period of time, after which he shows recurrence of symptoms and failure of complete response to steroid treatment (2) .
ISRNS accounts for 10-20% of children with nephrotic syndrome (3) . The prognosis of the disease is usually unfavorable, progression to end-stage kidney disease (ESKD) is usually the end result after a variable duration; thus different aggressive and even potentially toxic treatment regimens have been tried to delay disease progression (4, 5) .
Different studies revealed that focal and segmental glomerulosclerosis (FSGS) and minimal change disease (MCD) are the most common morphologic patterns seen in children with IS-RNS in western countries (3, 4) , as well as many other parts of the world (6, 7) . However, some times the incidence of the disease can be controlled when the cause is preventable via vaccination; this is obvious in South Africa where membranous nephropathy associated with hepatitis B infection was reported as a main cause of ISRNS (8) .
Histological features of the renal biopsy can
give a clue to the future response of the patient to therapy; such as mesangial hypercellularity in cases of minimal change glomerulopathy (9) . Although clinical data are stronger predictors for the disease outcome in cases of IgA nephropathy (10), some histological features can be associated with poor prognosis; such as glomerular crescents and/or moderate to severe tubulointerstitial inflammation (11).
Objectives
The aim of this study is to determine the histological patterns of ISRNS in Egyptian children and compare it with the findings worldwide. In addition the study will highlight the histological details of the commonest types of ISRNS which might be the reason for their steroid resistance.
Patients and Methods
This is a retrospective study. The material was retrieved from archival files for children with ISRNS who underwent ultrasound guided renal needle biopsy, in the duration from 2005-2011, and referred to the electron microscopy unit and pathology department at ASUSH, which is a tertiary referral hospital. The electron microscopy unit is one of the very few diagnostic units in Egypt that serves a huge percentage of population and is the referral centre for nearly all the nephrology centers all over the country. This study was approved by the local ethical institutional review board.
The study included all cases of nephrotic syndrome with steroid resistance, either primary or secondary, that started at age of >1 year and ≤16 years.
We excluded cases of steroid resistance in nephrotic syndrome with congenital or syndromic forms, as well as those cases with incomplete clinical and/or laboratory investigations.
I
The patients were evaluated according to standardized values: -Nephrotic range proteinuria ≥3.5 g /24 h. -Urine protein or spot urine protein/creatinine ratio >3.
-Hypoalbuminemia, serum albumin ≤3.5 g/dl in adults and ≤2.5 g/dl in children.
-Renal insufficiency, serum creatinine >1.2 mg/dl in adults and more than the age-related normal values in children.
-Hematuria, >5 red blood cells per high power field on microscopic examination of the urinary sediment or positive blood by dipstick (5).
The pathological review
The light microscopic and immunohistochemistry slides, as well as the electron microscopy photographs were reviewed for confirmation of the diagnosis. Certain glomerular and tubulointerstitial changes were interestingly focused for the three commonest histological patterns.
Glomeruli were counted and examined for:
-The number with global and/or segmental sclerosis.
-The number of crescents.
-The presence or absence of hypercellularity and the type of the infiltrating cells and/or endocapillary proliferation.
The results were expressed quantitatively by counting the total number of glomeruli and calculate the percentage of the affected ones.
Tubulointerstitial changes were examined for the presence of:
-Tubular atrophy and/or tubulitis.
-Interstitial fibrosis and/or interstitial inflammation.
The ratio of the affected tubulointerstitium was calculated and presented.
Statistical analyses
Different variables are reported as the mean ± SEM using SPSS for Windows, version 15.0 (SPSS, Chicago, Illinois, USA).
Results

Demographic data
The ISRNS cases included 62 cases; four cases were excluded due to inadequate clinical data, and further five cases with their diagnosis titled '' suggestive of IgA nephrpathy'' were excluded; they had microscopic or macroscopic haematuria, their electron microscopy showed mesangial and paramesangial deposits, but they lacked confirmatory immunohistochemical staining. Thus we obtained finally 53 cases; 36 males (67.9%), and 17 females (32.1%) with a female: male ratio 2.1:1, the age of the patients at diagnosis of steroid resistance ranged from 1.5-16 years with a mean age of 6.7±2.4 years.
4.2.Clinical results
48 patients (90.6%) had primary ISRNS, while five patients with focal and segmental glomerulosclerosis (9.4%) had secondary ISRNS; the first diagnosis of those patients was minimal change glomerulopathy, the duration between the first time of diagnosis and the steroid resistance ranged from 1.5-10 years with mean duration of 5.1 years.
The commonest presenting symptom was lower limb edema; it was presented in all cases; followed by facial oedema in (18.9%) of patients. Haematuria was evident in 9 cases (17%); 8 were microscopic haematuria (four cases with IgA nephropathy and single case for each of (focal segmental glomerulosclerosis FSGS, membranoproliferative glomerulonephritis MPGN, resolving post infectious glomerulonephritis rPIGN, and diffuse mesangial proliferative glomerulonephritis MesPGN), one case with gross haematuria showed IgA nephropathy. Nephrotic/nephritic syndrome was presented in one case with MesP-GN. Four cases were hypertensive with arterial blood pressure 140/90 (7.5%); the rest of patients showed the age-related normal values. First degree consanguity was recorded for the parents in tow cases, one with Minimal change disease MCD, and the other with FSGS. Positive family history with an affected older brother was evident in one case with MCD.
Past clinical history of the children involved in the study revealed; one male child 15 years old with HCV virus diagnosed as MCG three years ago; he experienced secondary steroid resistance afterward; thus second biopsy was done; and diagnosed as FSGS.
Another two and half years old female with FSGS gave a history of preeclampsia of her mother during pregnancy; and the child had delayed mental and motor milestones.
Another four years old female with MCG had an associated idiopathic thrombocytopenia.
None of the children showed chronic renal failure; while a single child with MesPGN showed renal function impairment with elevated serum creatinine (4 mg/dl); the rest of the children serum creatinine ranged from 0.1-0.6 mg/dl; with mean value of 0.34 ± 0.1mg/dl. Serum albumin ranged from 2-4g/dl with a mean value of 2.82 ± 0.61. Serum cholesterol ranged from 360-395 mg/dl; with a mean value of 380 ± 8.5 mg/dl. Table (1). 
4.3.Histopathological findings
The mean number of glomeruli studied was 14±3 (range 6-38). FSGS was the most common histopathological subtype, occurring in 16 of 53 children (30.2%). MCD was the second common histological pattern which was found in 13 patients (24.5%). IgA nephropathy was the third; it was diagnosed in 7 cases (13.2%). MGN was presented in five children (9.4%). MPGN was reported in four children (7.5%), Dense Deposit Disease, and rPIGN were diagnosed in three cases for each (5.7%), diffuse mesangial proliferation (MesPGN) and IgM nephropathy were encountered in only one patients for each (1.9%). Table ( 2). Special interest was given to certain glomerular and tubulointerstitial findings concerning the three commonest histological patterns. (Table 3) and figure (1&2).
Mesangial hypercellularity was very common among children with MCG (85.3% ± 6.7), while tubulointerstitial inflammation and fibrosis was remarkably high among children with IgA nephropathy (40.4% ± 11, 53.7% ± 8 respectively)
Discussion
Idiopathic nephrotic syndrome is one of the commonly glomerular diseases in children. Most patients are steroid sensitive and respond to the therapy with complete remission of proteinuria. Approximately 10-20% of children with nephrotic syndrome who do not completely respond to corticosteroids are qualified as steroid resistant (2) .
Renal histology provides important information in those patients before initiating treatment with potentially nephrotoxic agents, although that there is no evidence based recommendations regarding the role of renal biopsy on outcome. (12) In our study the three major causes of ISRNS were FSGS (30.2%), MCG (24.5%), and IgA nephropathy (13.2%). The prevelance of FSGS was comparable to studies done in South Africa (8), India (13), France, and USA (14); while was lower than what reported in Nigeria (3), Grmany/ Austria (15), KSA (16) , and Tunis (2). FSGS was more common than that reported in Kuwait (17) .
MCG was reported in 24.5% of cases. It was a higher figure compared to KSA (2) and Nigeria (3), and it was less common than what was reported in India (13), Kuwait (17) , and InternationI study of kidney diseases in children ISKDC (18) .
The predominance of FSGS in many studies could be explained on the bases that FSGS could be a primary disease, or secondary complicating other glomerular lesion and it is known to be resistant for steroid therapy with poor afterward prognosis (19) .
The reasons for disparities in the prevalence of MCD and FSGS are not entirely clear; they are probably explained by demographic and environmental factors (20) (21) (22) (23) , as well as the difficulty of histologic distinction between FSGS and MCG depending on the adequacy of the biopsy taken. In our study five patients (9.4%) revealed secondary resistance to steroid therapy. They were responsive at the first time of clinical presentation, and were diagnosed as MCG. After a mean duration of 5.1 years they showed steroid resistance with renal biopsy revealed FSGS. Several studies documented patients with ISRNS whose initial kidney biopsy specimens demonstrated MCD and subsequently had a follow-up biopsy specimen that showed FSGS. This has led to the conclusion that MCNS and FSGS may represent a natural progression of the same process (12) .
The most striking finding was the high percentage of IgA among Egyptian children with IS-RNS (13.2%) in comparison with reported cases in the studied experiences. KSA reported only 3% for IgA (2) . This could be attributed to the treatment protocol for the children with ISRNS among nephrologists in Egypt; when the clinician received a child with nephrotic syndrome, he started corticosteroid therapy without proceeding renal biopsy, if the child showed no response; the clinician would proceed to renal biopsy with a title of "steroid resistant nephrotic syndrome" written in the pathology request.
Some of IgA nephropathy cases do not respond well to steroid therapy alone according to the degree of glomerulosclerosis and tubulointerstitial reaction (23) .
Mesangial hypercellularity was revealed in 85.3%±6 of patients with MCG, which might account as a major reason for steroid resistance in those patients (9) .
Remarkable tubulointerstitial inflammation and fibrosis were observed in 40.4%±11, 53.7%±8 respectively in between patients with IgA nephropathy, which could be attributed as a reason for steroid resistance. It was reported that patients with significant tubulointerstitial fibrosis and/or glomerulosclerosis would not get any benefit from steroid therapy and they were more likely to be harmed from various side effects (11) .
Thus we recommend that renal biopsy should be done for all children with nephrotic syndrome at the first time of presentation for proper diagnosis. In cases of MCG, if mesangial hypercellularity is detected in the renal biopsy, the nephropathologist must title it in the diagnosis as ''minimal change disease with mesangial hypercellularity'' , Also in cases of IgA nephropathy, the diagnosis must be titled with the degree of the severity of tubulointerstial involvement, this can give a clue to the clinician about the prognostic steroid response, so as to choose the correct treatment protocol and to save patients from unnecessary drugs side effects.
Conclusions
FSGS, MCG, and IgA nephropathy were the major histological patterns of childhood idiopathic steroid resistant nephrotic syndrome in Egypt. Renal biopsy with electron microscopy examination should be done at the first time of presentation to choose the correct treatment protocol. Nephrotic syndrome with a fair steroid response might turn resistant after certain duration of follow up due to change of the renal histological pattern.
